Histamine is one of the well-known biogenic amines and responsible for causing allergic reactions. In the present study, the level of histamine measured in the refrigerated stored (+4 ˚C) fillets of rainbow trout (Oncorhynchus mykiss) during time intervals (0, 5, 10, 15 and 20 days) using immunological (ELISA) and analytical (HPLC) methods. During the storage time, the histamine content in all samples significantly increased (p<0.05), while none of sample exceed the allowable limit of 100 mg.kg -1 . Moreover, there was significant correlation coefficients (r = 89.1) between HPLC and ELISA method (p<0.05). The regression models showed the quadratic models has superiority than linear in predicting histamine content. Overall, the present study revealed that ELISA method could be used to detect the low level of histamine as compared to HPLC method. Therefore, in view of the accuracy obtained for ELISA method, it may be considered as appropriate method for measuring low quantities of histamine in fish flesh.
Introduction
Fish is considered as a rich source of quality proteins and polyunsaturated fatty acids, which are essential parts of the human diet [1] . Due to the presence of these sensitive components, fish flesh is considered to be a highly perishable food to spoilage incident. The quality of flesh may reduce by various complex incidents such as enzymatic, biochemical and microbial reactions [2] . In over recent years, the consumer's preference for the use of fresh fish has been remarkably increasedand, therefore accurate quality control is now more critical [3, 4] .
Biogenic amines group is known as a quality factor in the reducing the freshness of the fish flesh. They are derived from decarboxylation of amino acids during spoilage process. The most important biogenic amines in fish and their amino acids responsible for them are tyramine (tyrosine), cadaverine (lysine), histamine (histidine), agmatine (arginine), tryptamine (tryptophan), putrescine (ornithine), beta phenyl ethyl amine (phenylalanine), serotonin (tryptophan), spermine, and spermidine [5] [6] [7] . Among of, histamine or HIS [1H-imidazole-4-ethanamine] is one of the major toxins, which is produced from the bacterial decomposition of histidine amino acid by the histidine decarboxylase enzyme (Figure 1 ). It is a small organic monoalkaline molecule with a molecular weight of 111.15 g.mol 1 and its production is directly associated with the ability of the microorganism in producing the histidine decarboxylase enzyme. The increasing level of HIS content in seafood is highly linked with reducing the quality of fish flesh [8, 9] .
Thus far, several methods have been introduced to estimate the HIS content. All of these methods are divided into the quantitative and semi-quantitative categories [10] . Among the HPLC [11] , TLC [12] and ELISA [13] techniques have been gained more attention. Various studies have been carried out to compare the quality, accuracy and reliability of these methods in different food items. The comparative study on TLC and HPLC procedures in the determination of HIS content in fresh fish by Jeya Shakila et al. [14] and the comparison of the HPLC and ELISA procedures in the measuring the HIS content in wine by Marcobal et al. [15] , can be regarded as two prime examples.
The rainbow trout is widely recognized as an important part of food basket in the developing countries [16] . Due to low level of histidine amino acid content in rainbow trout, the amount of HIS is usually low and as a consequence, its detection and estimation are little difficult compared to other fishes such as Scombroid species which are rich in histidine. Therefore, evaluation of the validity of current methods is needed in order to find the best method with the highest accuracy for measuring HIS content in rainbow trout. In addition, the storage time may highly affect the content of HIS toxin especially in refrigerated condition. Therefore, this study aimed to focus on 1) effect of storage time on the HIS content of rainbow trout under cold condition; and 2) to compare the efficiency of immunological (ELISA) and analytical (HPLC) methods in tracing HIS at low concentrations in fish flesh.
Materials and Methods

Preparation of samples
The rainbow trout (with average weights 600 ± 50 g) were purchased from a fish farm in Mashhad (Khorasan Razavi Province, Iran) and then transported to the laboratory of ACECR located in Mashhad city under refrigerated controlled condition. Afterward, the fish were beheaded, cleaned and well washed with cold water and finally, the fillets were prepared in uniform dimensions. The samples then packed in polyethylene packages and preserved for 0, 10, 15, and 20 days in refrigerator for subsequent HIS analysis.
Determination of HIS content
Determination of HIS by immunological analysis The RIDASCREEN ® kit was procured from the R-Bipharm Co. (Darmstadt, Germany) and used according to the recommended protocol which described by the company.
Sample preparation for ELISA kit
To prepare the sample, one gram homogenized flesh was dissolved in 9 mL distilled water and then centrifuged for 5 min at 2500 g. 1 mL of the supernatant beneath the fat layer removed and diluted with 9.8 mL distilled water, and then 100 µL of this final solution used for the next step. To prepare the buffer washing solution, concentrated buffer washing solution was diluted in distilled water at the ratio of 1:49, followed by storing at +2 ˚C for the subsequent step.
Histamine analysis by the ELISA kit
After the sample preparation, the HIS was converted to N-acylhistamine by an acylation reagent. After washing, the secondary peroxidase-conjugated antibodies (enzyme conjugate) are added. These antibodies bind to the antibodyhistamine complex; then, unbound antigen is removed by washing. Afterwards, the substrate and chromogen (tetramethyl-benzidine) are added into wells of the microtitration plate and then are incubated. During incubation, the bound enzyme conjugation converted a colourless chromogen into blue product, and blue color changed into yellow after addition of stop solution. After the substrate reaction, the light absorption was measured at 450 nm using a microplate reader (EL-808, BIO-TEK Instruments Inc., USA). The HIS content determined from the standard graph plotted via respective software and reported in mg.kg -1.
Determination of histamine by High-Performance Liquid Chromatography
After homogenizing two fillets from each package with 10 mL trichloroacetic (TCA 5%) using a laboratory blender (Abzar Sazan Co., Isfahan, Iran), 75 g minced flesh were centrifuged (Heraeus Sepatech Gmbh, Labofuge, Germany) at 4000 rpm for 10 min and the supernatant was removed. The extraction step was repeated three times on the remaining materials with 10 mL TCA. After TCA extraction, derivatization were done with benzoyl chloride according to Rezaei et al. [16] . Afterwards, 1 ml NaOH (2 M), 5 µl benzoyl chloride and 2 ml NaOH were added in order to stop derivatization, and followed by centrifuging at 2500 rpm for 5 min at +4 ˚C. The supernatants were dried and 200 µL methanol was added on the dried material. Finally, the mixture passed through a filter (0.45 µm) and 20 µL of filtrate injected to the HPLC apparatus. The analyses carried out using a High-performance liquid chromatography 
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(HPLC) (Waters 1525; Waters Company, Milford, MA, USA) equipped with a UV-detector Waters 2487 set at 254 nm. The column was reversed phase, C18 Waters Spherisorb ODS-2 (250×4.60 mm; particle diameter, 5 µm) which was supplied Waters Spherisorb pre-column cartridge (10 mm, length) packed with the same material and both of them were bought from Waters Co. (Milford, MA, USA) . The chemicals used including histamine standard, methanol, chloroform, butanol, diethyl ether and n-heptane, benzoyl chloride, HCl, NaCl, and NaOH were purchsed from the Fluka and Merck companies. The content of HIS was reported as mg.kg -1 .
Statistical analysis
One-way ANOVA was used to compare the means in a completely randomized design. Duncan's multiple range test was applied to compare the significant differences among means (p<0.05) using SPSS™ software version 19 (SPSS Inc., Chicago, IL, USA). The changes in the HIS contents during storage time were evaluated using regression analyses and the coefficient of determination separately calculated for each equation. All measurements were carried out in triplicate and results were reported as mean ± SD.
Results and Discussion
The HIS content determined by the HPLC & ELISA methods and its variations were recorded during storage times. As shown in figure 2 , the results obtained from both methods indicated an increasing trend in HIS content of the rainbow trout fillet during storage times (p<0.05). The initial HIS content recorded by ELISA and HPLC to be 1.2 mg.kg -1 and 1.96 mg.kg -1 , respectively. This amount significantly increased on day 10 for the ELISA and on day 15 for the HPLC method. The highest level of HIS was found to be 10.6 mg.kg -1 on day 20 which detected by ELISA method and was significantly different compared to the previous days (p<0.05).
The linear and quadratic regression analyses were carried out to mathematically predict the change of HIS during the storage time. Different models were built which are as follows In figure 3 and 4, the plots of linear and quadratic models are depicted. The regression analysis revealed a good coefficient for the obtained models. Therefore, these models may possibly be useful to predict the HIS content and quality of rainbow trout fillet during the storag time. To compare the obtained results from HPLC and ELISA, the coefficient of correlation between two procedures was also determined. The results demonstrated that the amount of coefficient of correlation was 89.1, indicating an acceptable value and validity for both methods ( Figure 5 ).
HIS is one of the most active biogenic amines, which is mainly produced from the bacterial decarboxylation of histidine amino acid and releases by proteolysis [17] . A significant increasing trend observed in the HIS content in all samples at different time intervals. The initial HIS content by HPLC and ELISA procedures were found to be 1.96 mg.kg -1 and 
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1.2 mg.kg -1 , respectively, which increased after 20 days refrigeration to 7.98 mg.kg -1 and 10.6 mg.kg -1 . Different amounts for the initial and final HIS concentrations have been reported in the literature. Matejkova et al. [18] reported zero and 17.5 mg.kg -1 HIS contents for initial and final concentration Oncorhynchus mykiss after 28 days refrigerated storage. However, the other study reported 1.6 mg.kg -1 for this toxin in the same fish after 18 days cold storage [16] . This difference between the initial and final amount can be dependent upon various factors such as the initial concentration of histidine amino acid, the extent of bacterial growth and activity, storage conditions as well as temperature [19, 20] . In this study, none of the samples exceed the maximum allowable limit for HIS, which is set at 100 mg.kg -1 [21] .
Decarboxylase activity in seafood products and the production of amines like HIS is mainly performed by the Enterobacteriaceae, Pseudomonas, Micrococcus, and Lactic bacteria groups [22] which have a higher histological potential than other microorganisms in the aerobic conditions [23] . It has been documented that the activity of microorganisms such as Morganella, Escherichia coli, Enterobacter, and Proteus vulgaris is the main reason for the increase of HIS content. The existing histidine in the muscles is affected by the decarboxylase histidine enzyme as a substrate and HIS is subsequently produced [13, 24] . HIS is non-volatile and is not destroyed by cooking and causes scombroid poisoning in the consuming individual. This is a mild illness with symptoms such as urticaria, nausea, vomiting, and diarrhea [25] . Many factors such as pH, water activity, salt concentration, and additives may influence the rate of microorganism activities, which are involved in the producing these biogenic amines. Among all environmental factors, the storage temperature is considered as the most influential factor [17] .
According to HACCP regulations, HIS can be used as a qualitative parameter to evaluate the freshness of fish [16] . Although a long storage time (20 days) used in this study, the HIS content was still below the allowable limit (100 mg.kg -1 ). Some studies also reported either negligible amounts or no trace of this toxin in the samples during a twelve-day preservation period [26] . Therefore, it can be concluded that HIS may not possibly be a suitable qualitative parameter for all fish species and is better to consider the other chemical and bacterial parameters for assessing the freshness.
Nowadays, various methods such as colorimetric, TLC, enzymatic, amino enzymatic and FIA are used for measuring biogenic amines [10] ; however, HPLC and GC chromatography are the most popular methods [27] . The ELISA procedure is a special and sensitive method, which was developed by Serrar et al. [10] to measure the HIS content. This method is based on the competition between the antigen and the antibody and results are obtained from the standard graph which for the ELISA procedure. Quickness and simultaneous analysis of several samples, reduction of incubation time, and simple application are some of the advantages of this method [10, 15] . According to Figure 2 , the results of ELISA method indicated a higher growth in HIS in comparison with HPLC procedure, and the coefficient of correlation between the two procedures was determined 89.1 ( Figure 5 ). The HIS amount was significantly increased on day 10 in the ELISA procedure, while for the value HIS by HPLC did not happen any change. This shows that there is some slight difference in detected HIS content by these two methods viz., HPLC and ELISA, however, the final results are closed to each other. As can be seen in figure 2 the standard deviation in the HPLC is lower than that in the ELISA method, representing the high precision of the HPLC procedure.
By considering the advantages and the disadvantages of these two procedures, it can be concluded that the implementation of ELISA method is at first recommended and the HPLC should only be used when the need for more precise detection amount of HIS. Similar to the present research, different comparative studies have been carried out to evaluate the accuracy of HPLC and ELISA in detection of HIS in various foodstuffs such as canned fish with a coefficient r = 0.97 [28] , Spanish wine a coefficient of correlation r = 0.91 [15] , commercial doenjang and gochujang with a coefficient of correlation r = 0.969 [29] , and cheese with a coefficient of correlation r = 0.979 [30] . The results of these studies are revealed that there is an acceptable difference between these two procedures and are in a good agreement with above findings.
Conclusion
The rainbow trout is considered to be one of the perishable foods due to the presence of sensitive amino acids and significant amounts of long-chain fatty acids. HIS is a toxin, which is formed by the decarboxylation of amino acid and is counted as a freshness parameter in fish. The HIS content is measured by various methods. In this research, the HIS content of the rainbow trout fillet was determined during time intervals 0, 5, 10, 15, and 20 days by the HPLC and ELISA procedures under cold storage condition. The HIS content in all samples significantly increased but none exceed the allowable limit of 100 mg.kg -1 . The correlation 
A Comparative Study on Histamine Levels of Refrigerated Trout Fillets Using Competitive ELISA and HPLC Methods
Amani et al.
coefficient between the two procedures was found to be high with the value 89.1. By considering the advantages and the disadvantages of both procedures, it can be concluded that the use of ELISA method is at first recommended and the HPLC should only be used when the need for more precise detection amounts of HIS.
